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PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Jacques Alexandre HATZFELD et al . 
Serial No. (unknown) 
Filed herewith 

PROCESS FOR THE MULTIPLICATION 
OF STEM CELLS 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Prior to calculation of the filing fee, please amend 
the above- identified application as follows: 

IN THE CLAIMS : 

Amend claim 3 as follows: 

--3. (Amended) Use of an inhibitor according to 
claim 1, in which the inhibitor of cell development is chosen 
from the group consisting of products of genes which control 
cell development with respect to cell differentiation and/or 
cell division, inhibitors of cycline -dependent kinases, 
factors which control apoptosis or ageing, and cytokines (such 
as interferons and TGF-b) . 

Amend claim 4 as follows: 

--4. (Amended) Use of an inhibitor according to 
claim 1, in sequential combination with an ant i- inhibitor of 
cell proliferation, to initiate a number of cell divisions 



Jacques Alexandre HATZFELD et al . 
ranging from 1 to about 100, in particular 1 to about 10, and 
in particular to initiate a single cell division, while 
maintaining the non-differentiated state of stem cells, in 
particular human stem cells. -- 

Amend claim 8 as follows: 

--8. (Amended) Multiplication process according to 
claim 5, characterized in that the stem cells, in particular 
human cells, are present in a cell concentration of about 1 to 
about 10 10 cells per ml, and in particular in a concentration 
ranging from about 10 3 to about 10 10 cells per ml, and more 
particularly about 10 4 to about 10 9 cells per ml.-- 

Amend claim 9 as follows: 

--9. (Amended) Multiplication process according to 
claim 5, characterized in that the inhibitor of cell develop- 
ment is synthesized by the stem cells, in particular human 
stem cells, and/or is added to the culture medium containing 
the stem cells, in particular human stem cells.-- 

Amend claim 10 as follows: 

--10. (Amended) Multiplication process according 
to claim 5, characterized in that the inhibitor of cell 
development is chosen from the group consisting of products of 
genes which control cell development with respect to cell 
differentiation and/or cell division, inhibitors of cycline- 
dependent kinases, factors which control apoptosis or ageing, 
and cytokines (such as interferons and TGF-b).-- 
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Jacques Alexandre HATZFELD et al . 
Amend claim 11 as follows: 

--11. (Amended) Multiplication process according 
to claim 5, characterized in that the inhibitor of cell 
development is present in a low concentration in the culture 
medium containing the stem cells, and in particular in a 
concentration ranging from about 1CT 10 mg/ml to 1 mg/ml.-- 

Amend claim 12 as follows: 

--12. (Amended) Multiplication process according 
to claim 5, characterized in that the neutralization of the 
effect of the inhibitor of cell development, and in particular 
the inhibitor of cell proliferation, present in the culture 
medium is effected by 

addition to the culture medium, in a suitable 
amount, of an ant i - inhibitor of cell proliferation, such as an 
ant i -TGF-b , and/or 

- withdrawal from the culture medium of the 
inhibitor of cell development, and in particular the inhibi- 
tor of cell proliferation, belonging in particular to the 
cytokine group . - - 

Amend claim 13 as follows: 

--13. (Amended) Multiplication process according 
to claim 5, characterized in that the anti-inhibitor of cell 
proliferation is present in a concentration ranging from about 
10" 18 to about 1CT 3 g/ml.-- 

Amend claim 14 as follows: 
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--14. (Amended) Multiplication process according 
to claim 5, in which the culture medium contains hematopoietic 
stem cells and comprises one or more cytokines (added to the 
culture medium) chosen from the group consisting of 
interleukins and CSF, the said cytokines being present in a 
concentration ranging from about 10" 8 mg/ml to about 1 mg/ml, 
and in particular about 10" 5 mg/ml to 0.1 mg/ml. -- 

Amend claim 15 as follows: 

--15. (Amended) Multiplication process according 
to claim 5, characterized in that it comprises the following 
stages : 

a) initiation of a first cycle of division of non- 
differentiated embryonic or somatic stem cells in a culture 
medium, and in particular of hematopoietic somatic stem cells, 
by seeding non-differentiated embryonic or somatic stem cells 
in the resting state in a high initial cell concentration, in 
particular in a concentration ranging from 10 3 to 10 10 cells 
per ml, in the presence of one or more cytokines, and by 
neutralization of the effect of the inhibitor of cell 
development, and in particular the inhibitor of cell 
proliferation, present in the culture medium so that the 
above-mentioned cells leave their resting state by the 
initiation of a first cell division, 

b) return to resting of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
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stage with the aid of an inhibitor of cell development, the 
said inhibitor being synthesized by the said stem cells or 
being added to the culture medium, 

c) if appropriate washing of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to remove the cataboiites and the inhibitor of 
cell development, and in particular the inhibitor of cell 
proliferation which may be present in the culture medium, 

d) if appropriate dilution of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to maintain an optimum cell concentration 
ranging from about 100 to 10 10 cells per ml, 

e) successive repetition of the cycles of division 
and resting described above until the amplification factor of 
the cells is sufficient to obtain the number of desired stem 
cells, and in particular 2 times to about l 1 ?) times the number 
of initial non-differentiated embryonic or somatic stem cells, 
which corresponds to a total duration of the multiplication 
process of about 1 day to 3 years, and in particular 1 day to 
15 days, 

f) stopping of the multiplication of non- 
differentiated embryonic or somatic stem cells to store them, 
use them or cause them to differentiate in vitro.-- 

Amend claim 16 as follows: 
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--16. (Amended) Multiplication process according 
to claim 5, characterized in that the duration of a single 
resting state ranges from about 1 hour to 3 years, and is in 
particular about 6 hours to 72 hours, and in that the duration 
of a single division cycle ranges from about 6 hours to 3 
years, and is in particular about 6 hours to 24 hours . - - 

Amend claim 17 as follows: 

--17. (Amended) Use of non-differentiated and 
amplified human stem cells such as are obtained by the process 
of claim 5 to reconstitute human blood and/or human solid 
tissue or organs. -- 

REMARKS 
The above changes in the claims merely place this 
national phase application in the same condition as it was 
during the international phase, with the multiple dependencies 
being removed. 
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Attached hereto is a marked-up version of the 
changes made to the claims by the current amendment. The 
attached page is captioned "VERSION WITH MARKINGS TO SHOW 
CHANGES MADE" . 

Respectfully submitted, 
YOUNG Sc THOMPSON 




Benoit Castel 
Attorney for Applicants 
Registration No. 35,041 
Customer No. 0 0466 
745 South 23 rd Street 
Arlington, VA 2 22 02 
Telephone : 703/521-2297 

December 3, 2001 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

The claims have been amended as follows : 

3. (Amended) Use of an inhibitor according to 
claim 1 or claim 2 , in which the inhibitor of cell development 
is chosen from the group consisting of products of genes which 
control cell development with respect to cell differentiation 
and/or cell division, inhibitors of cycline-dependent kinases, 
factors which control apoptosis or ageing, and cytokines (such 
as interferons and TGF-b) . 

4 . (Amended) Use of an inhibitor according toany 
one of claims claim 1 t o 3 , in sequential combination with an 
anti-inhibitor of cell proliferation, to initiate a number of 
cell divisions ranging from 1 to about 100, in particular 1 to 
about 10, and in particular to initiate a single cell 
division, while maintaining the non-differentiated state of 
stem cells, in particular human stem cells. 

8. (Amended) Multiplication process according to 
one of claims claim 5 t o 7 , characterized in that the stem 
cells, in particular human cells, are present in a cell 
concentration of about 1 to about 10 10 cells per ml, and in 
particular in a concentration ranging from about 10 3 to about 
10 10 cells per ml, and more particularly about IS to about 1C? 
cells per ml . 

9. (Amended) Multiplication process according to 
any one of claims claim 5 t o 8 , characterized in that the 
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Jacques Alexandre HATZFELD et al . 
inhibitor of cell development is synthesized by the stem 
cells, in particular human stem cells, and/or is added to the 
culture medium containing the stem cells, in particular human 
stem cells. 

10. (Amended) Multiplication process according to 
a ny one u£ claims — claim 5 to 9 , characterized in that the 
inhibitor of cell development is chosen from the group 
consisting of products of genes which control cell development 
with respect to cell differentiation and/or cell division, 
inhibitors of cycline-dependent kinases, factors which control 
apoptosis or ageing, and cytokines (such as interferons and 
TGF-b) . 

11. (Amended) Multiplication process according to 
any one of claims claim 5 to 10 , characterized in that the 
inhibitor of cell development is present in a low 
concentration in the culture medium containing the stem cells, 
and in particular in a concentration ranging from about 10 " 10 
mg/ml to 1 mg/ml. 

12. (Amended) Multiplication process according to 
any one ol claims claim 5 to 11 , characterized in that the 
neutralization of the effect of the inhibitor of cell 
development, and in particular the inhibitor of cell 
proliferation, present in the culture medium is effected by 
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addition to the culture medium, in a suitable 
amount, of an anti-inhibitor of cell proliferation, such as an 
ant i -TGF-b , and/ or 

- withdrawal from the culture medium of the 
inhibitor of cell development, and in particular the 
inhibitor of cell proliferation, belonging in particular to 
the cytokine group. 

13. (Amended) Multiplication process according to 
any one of claims claim 5 to 12 , characterized in that the 
anti-inhibitor of cell proliferation is present in a 
concentration ranging from about 10" 18 to about 10" 3 g/ml. 

14. (Amended) Multiplication process according to 
any one of claims claim 5 to 8 , in which the culture medium 
contains hematopoietic stem cells and comprises one or more 
cytokines (added to the culture medium) chosen from the group 
consisting of interleukins and CSF, the said cytokines being 
present in a concentration ranging from about 10 " 8 mg/ml to 
about 1 mg/ml, and in particular about 1*6 mg/ml to 0.1 mg/ml. 

15. (Amended) Multiplication process according to 
any o ne of claims claim 5 to 14 , characterized in that it 
comprises the following stages: 

a) initiation of a first cycle of division of non- 
differentiated embryonic or somatic stem cells in a culture 
medium, and in particular of hematopoietic somatic stem cells, 
by seeding non-differentiated embryonic or somatic stem cells 
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in the resting state in a high initial cell concentration, in 
particular in a concentration ranging from 10 3 to 10 10 cells 
per ml, in the presence of one or more cytokines, and by 
neutralization of the effect of the inhibitor of cell 
development, and in particular the inhibitor of cell 
proliferation, present in the culture medium so that the 
above-mentioned cells leave their resting state by the 
initiation of a first cell division, 

b) return to resting of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage with the aid of an inhibitor of cell development, the 
said inhibitor being synthesized by the said stem cells or 
being added to the culture medium, 

c) if appropriate washing of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to remove the catabolites and the inhibitor of 
cell development, and in particular the inhibitor of cell 
proliferation which may be present in the culture medium, 

d) if appropriate dilution of the non-differentiated 
embryonic or somatic stem cells obtained in the preceding 
stage in order to maintain an optimum cell concentration 
ranging from about 100 to 10 10 cells per ml, 

e) successive repetition of the cycles of division 
and resting described above until the amplification factor of 
the cells is sufficient to obtain the number of desired stem 
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cells, and in particular 2 times to about times the number 
of initial non-differentiated embryonic or somatic stem cells, 
which corresponds to a total duration of the multiplication 
process of about 1 day to 3 years, and in particular 1 day to 
15 days, 

f) stopping of the multiplication of non- 
differentiated embryonic or somatic stem cells to store them, 
use them or cause them to differentiate in vitro. 

16. (Amended) Multiplication process according to 
diiy one ul claims claim 5 to 15 , characterized in that the 
duration of a single resting state ranges from about 1 hour to 
3 years, and is in particular about 6 hours to 72 hours, and 
in that the duration of a single division cycle ranges from 
about 6 hours to 3 years, and is in particular about 6 hours 
to 24 hours. 

17. (Amended) Use of non-differentiated and 
amplified human stem cells such as are obtained by the process 
of any one of claim sclaim 5 to 16 to reconstitute human blood 
and/or human solid tissue or organs. 
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PROCESS FOR THE MULTIPLICATION OF STEM CELLS 

The present invention relates to a process for the multiplication of stem cells. The 
invention particularly relates to a process which allows, at the same time, the said stem 
5 cells to multiply rapidly and to be maintained in a non-differentiated state. 

Current cultures which allow stem cells to be maintained in a non-differentiated 
state, and in particular hematopoietic stem cells, and/or allow them to be multiplied, are 
long-term cultures in which the cells divide very slowly. More particularly, cultures 
which allow, for example, self-renewal (multiplication to identical cells) of stem cells, 
10 in particular hematopoietic stem cells, are solely cultures on medullary stroma or 

cultures with slow multiplication in the absence of medullary stroma. 

As regards more particularly long-term cultures on medullary stroma, there may 
be mentioned cultures of the Dexter type, in which stem cells, in particular 
hematopoietic stem cells, develop on a medullary stroma, which allows only few 
15 cytokines to be used but causes slow division of the cells (and therefore slow 

multiplication of the cells) in the presence of a mixture of progenitors with mature 
hematopoietic and stromal cells. 

Furthermore, unlike mice, in humans, stem cells are not maintained on the stroma 

long term. 

20 As regards long-term cultures in the absence of medullary stroma the Piacibello 

culture system may be mentioned. In this culture system (Piacibello et al. 1997 Blood), 
CD34 + cells containing hematopoietic stem cells are seeded in an amount of 20,000 
cells per ml, and every week half of the culture is removed and replaced by fresh 
medium. After two weeks the number of cells doubles at a rate of once a week for 

25 several months. During the first two weeks of the Piacibello culture there is a high loss 

of CD34 + cells, which stabilizes at less than 2%. 

The current cultures are therefore not very compatible with production of stem 
cells, maintaining their non-differentiated and multipotent character, for clinical or 
biotechnological purposes. 

30 In addition, no inhibitor of differentiation of stem cells which allows satisfactory 

continuous self-renewal is known to date. 

One of the main objects of the invention is to provide a process for culture of stem 
cells which enables human stem cells to be obtained in a non-differentiated state rapidly 
and in a significant amount. 



One of the objects of the invention is to provide a rapid process for culture of stem 
cells without medullary stroma which allows the culture volumes to be reduced. 

One of the other objects of the invention is the use of stem cells obtained in this 
way to reconstitute tissue and transplant organs. 

The invention relates to the use of an inhibitor of cell development in a controlled 
manner to maintain the non-differentiated state of stem cells, in particular human stem 
cells, while allowing their cell division. 

The present invention emerges from the discovery made by the inventors that 
under certain conditions an inhibitor of cell development may also be an inhibitor of 
cell differentiation of stem cells. In this respect, TGF-p (transforming growth factor), 
previously known as an inhibitor of cell development of stem cells, and in particular 
hematopoietic stem cells or primitive hematopoietic progenitors, is found to be, 
according to the invention, an inhibitor of cell differentiation. 

The expression "inhibitor of cell development" encompasses at the same time any 
substance which inhibits cell proliferation and/or cell growth and/or cell differentiation. 

The expression "inhibitor of cell proliferation" also means inhibitor of cell 
division or inhibitor of the cell cycle. 

The expression "use of an inhibitor of cell development in a controlled manner" 
means that the inhibitor of cell development is used in a modifiable manner in order to 
allow: 

(a) cell division of stem cells if this is desired, while maintaining the non- 
differentiated state of the said stem cells in the course of or at the end of the cell 
division, or 

(b) inhibition of cell development of stem cells if this is necessary to inhibit cell 
differentiation of the said stem cells. 

The expression "use of an inhibitor of cell development in a controlled manner" 
means, in other words, that the inhibitor of cell development can be used in such 
conditions that the stem cells are brought out of their resting state in order to divide 
under controlled conditions preventing differentiation. 

The expression "stem cells" means immature cells, or cells which are not 
differentiated (or non-differentiated), or primitive cells, or pluripotent cells or 
multipotent cells. 

The stem cells advantageously used according to the invention are human stem 
cells chosen from the group consisting of embryonic stem cells at the origin of somatic 



3 



stem cells, and/or stem cells/somatic progenitors themselves at the origin of blood 
and/or various solid tissues such as the skin, the liver, the pancreas, the heart, the 
kidney, bone or nerve tissue. 

The expression "embryonic stem cells at the origin of somatic stem cells" is 
5 defined, for example, as a cell which can produce any one of the somatic stem cells. 

The expression "somatic stem cells" is defined, for example, as a cell which can 
produce a specific tissue. 

The stem cells according to the invention are, in particular, human hematopoietic 
somatic stem cells, also called primitive hematopoietic progenitors. 
10 According to an advantageous embodiment, the inhibitor of cell development 

advantageously used according to the invention is chosen from the group consisting of 
products of genes which control cell development with respect to cell differentiation 
and/or cell division, inhibitors of cycline-dependent kinases, factors which control 
apoptosis or ageing, and cytokines (such as interferons or TGF-p). The term 
15 "cytokines" means all the growth factors, even if these factors can also act as growth 

inhibitors under certain conditions. 

As products of genes which control cell development with respect to cell 
differentiation and/or cell division, growth factors, cytokines and the product of genes 
controlling differentiation, ageing or apoptosis can in particular be mentioned. 
20 As inhibitors of cycline-dependent kinases, the retinoblastoma gene and the genes 

PI 5, PI 6, P21 and P27 can in particular be mentioned. 

The retinoblastoma gene is a tumour suppresser gene (anti-oncogene) 
The genes PI 5, PI 6, P21 and P27 inhibit the cell cycle. 

As a factor which controls apoptosis, the genes bcl-2, bax and fas can in particular 
25 be mentioned. 

As a factor which controls ageing there may be mentioned in particular 
telomerase. 

As cytokines which can be inhibitors of cell development, interferons and in 
particular TGF-P can in particular be mentioned. 
30 According to an advantageous embodiment, the invention relates to the use of an 

inhibitor of cell development as defined above in sequential combination with an anti- 
inhibitor of cell proliferation to initiate a number of cell divisions ranging from 1 to 
about 100, in particular 1 to about 10, and in particular to initiate a single cell division, 
while maintaining the non-differentiated state of stem cells, in particular human stem 
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cells. 

The expression "sequential combination" means that the anti-inhibitor of cell 
proliferation is not used simultaneously with the inhibitor of cell development. 

According to an advantageous embodiment, the invention relates to a process for 
5 the multiplication of stem cells in a culture medium, in particular human stem cells, 

characterized in that it comprises: 

- a stage in which the stem cells, in particular human stem cells, in the resting 
state are brought out of their resting state by neutralization of the effect of an inhibitor 
of cell development, and in particular an inhibitor of cell proliferation, produced by the 

10 cells and/or present in the culture medium, so that there is initiation of a number of cell 

divisions ranging from 1 to about 100, in particular 1 to about 10, and in particular a 
single cell division, 

- and a stage in which the stem cells, in particular human stem cells, obtained in 
the preceding stage are inhibited in their differentiation with the aid of an inhibitor of 

15 cell development. 

The invention also relates to a process for the multiplication of stem cells in a 
culture medium, in particular human stem cells, characterized in that it comprises: 

- a stage according to which the stem cells, in particular human stem cells, in the 
state of division are prevented from entering into a state of differentiation with the aid 

20 of an inhibitor of cell development, 

- and a stage according to which the stem cells, in particular human stem cells, 
obtained in the preceding stage are returned to their state of division by neutralization of 
the effect of an inhibitor of cell development, and in particular an inhibitor of cell 
proliferation, so that there is initiation of a number of cell divisions ranging from 1 to 

25 about 100, in particular 1 to about 10, and in particular a single cell division. 

The multiplication process according to the invention is characterized in that in 
the course of and at the end of the said process, the stem cells multiplied in this way are 
maintained in a non-differentiated state. 

According to the invention, the expression "multiplied stem cells" has the same 
30 meaning as the expression "amplified stem cells". Furthermore, the expression 

"multiplication process" has the same meaning as the expression "amplification 
process". 

The resting state of cells means that the cells are not differentiating and are not 
dividing. 
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According to an advantageous embodiment, the stem cells multiplied by the 
multiplication process of the invention are human stem cells chosen from the group 
consisting of embryonic stem cells at the origin of somatic stem cells, and the somatic 
cells themselves at the origin of blood and/or various solid tissues, such as the skin, the 

5 liver, the pancreas, the heart, the kidney, bone or nerve tissue. 

The multiplication process according to the invention is characterized in that the 
stem cells, in particular human cells, are present in a cell concentration of about 1 to 
about 10 10 cells per ml, and in particular in a concentration ranging from about 10 to 
about 10 10 cells per ml, and more particularly about 10 4 to about 10 9 cells per ml. 

10 It should be pointed out that the present invention applies both to human cells and 

to animal cells. 

In the multiplication process of the invention, the inhibitor of cell development is 
synthesized by the stem cells, in particular human stem cells, and/or is added to the 
culture medium containing the stem cells, in particular human stem cells. 
15 The said inhibitor of cell development is synthesized by the stem cells and/or is 

added to the culture medium: 

(a) before the first cell division, and 

(b) in the course of or at the end of a division cycle (if the said cells are in the 
state of division beforehand). 

20 If the inhibitor of cell development is synthesized by the stem cells, it may or may 

not be secreted. 

The amount of inhibitor of cell development synthesized by the stem cells or 
added to the culture medium must be sufficient for the said cells (a) to be maintained in 
their resting state before the first cell division and (b) to be placed in the resting state if 
25 they were in the state of division beforehand. 

The amount of inhibitor of cell development synthesized by the stem cells may 
vary from 0.01 pg to 1 mg/ml in the culture medium, and in particular 0.1 pg to 10 
ng/ml. 

The amount of inhibitor of cell development added to the culture medium may 
30 vary from 0.1 pg to 1 mg/ml in the culture medium, and in particular 1 pg to 10 ng/ml. 

According to an advantageous embodiment, the multiplication process according 
to the invention is characterized in that the inhibitor of cell development is chosen from 
the group consisting of gene products which control cell development with respect to 
cell differentiation and/or cell division, inhibitors of cycline-dependent kinases, factors 
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which control apoptosis or ageing, and cytokines (such as interferons and TGF-p). 

The products of genes which control cell development with respect to cell 
differentiation and/or cell division, inhibitors of cycline-dependent kinases, factors 
which control apoptosis or ageing and cytokines are, in particular, those described 
5 above. 

According to an advantageous embodiment, the inhibitor of cell development is 
present in a low concentration in the culture medium containing the stem cells, and in 
particular in a concentration ranging from about 10" 10 mg/ml to 1 mg/ml. 

The multiplication process according to the invention is characterized in that the 
10 neutralization of the effect of the inhibitor of cell development, and in particular the 

inhibitor of cell proliferation, present in the culture medium is effected by: 

- addition to the culture medium of an anti-inhibitor of cell proliferation, and/or 

- withdrawal from the culture medium of the inhibitor of cell development, and 
in particular the inhibitor of cell proliferation. 

15 The neutralization of the effect of the inhibitor of cell development allows the 

stem cells to leave their resting state and to initiate at least one division. 

Preferably, if the inhibitor of cell development is synthesized without being 
secreted by the stem cells, the effect of the said inhibitor is neutralized by addition to 
the culture medium of an anti-inhibitor of cell proliferation which can penetrate into the 
20 cell, such as an antisense oligonucleotide. 

However, if the inhibitor of cell development is secreted by the stem cells or if the 
said inhibitor is added to the culture medium the effect of the said inhibitor is 
neutralized either by addition to the culture medium of an anti-inhibitor of cell 
proliferation or by withdrawal from the culture medium of the inhibitor of cell 
25 development. 

The withdrawal of the inhibitor of cell development from the culture medium can 
in particular be effected with the aid of blocking antibodies or by washing in order to 
neutralize the said inhibitor. 

The amount of inhibitor of cell development withdrawn from the culture medium 
30 containing the stem cells must be sufficient for there to be initiation of a number of cell 

division ranging from 1 to about 100, in particular 1 to about 10, and in particular a 
single cell division. 

The amount of inhibitor of cell development withdrawn from the culture medium 
varies from 0.01 pg to 1 ng/ml, and in particular 0.1 pg to 10 ng/ml 
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The inhibitor of cell development withdrawn from the culture medium belongs in 
particular to the group consisting of cytokines and antisense oligonucleotides which 
block the expression of development genes. 

The amount of anti-inhibitor of cell proliferation added to the culture medium 
5 containing the stem cells must be sufficient for there to be initiation of a number of cell 

divisions ranging from 1 to about 100, in particular 1 to about 10, and in particular a 
single cell division. 

The amount of anti-inhibitor of cell proliferation added to the culture medium 
varies from 0.1 p,g to 10 mg/ml for the blocking antibodies or from 0.01 juM to 1 mM of 
10 antisense oligonucleotide in the culture medium, and in particular 1 jug to 100 pg/ml for 

the blocking antibodies or 0.1 |uM to 100 pM of antisense oligonucleotides. 

The anti-inhibitor of cell proliferation is chosen from the group consisting of 
antisense oligonucleotides or blocking antibodies and in particular anti-TGF-p. 

According to an advantageous embodiment, the multiplication process according 
15 to the invention is characterized in that the anti-inhibitor of cell proliferation is present 

in a concentration ranging from about 10~ 18 to about 10" 3 g/ml, in particular 0.1 to 20 
jag/ml, and in particular 4.1 0" 6 g/ml (4 pg/ml). 

The process according to the invention for the multiplication of stem cells, in 
particular human stem cells, is characterized in that it comprises, in order to obtain a 
20 sufficient number of stem cells maintained in the non-differentiated state, a total number 

of division cycles (or states of division) of between 1 to 100 cycles, in particular 
between 5 to 20 cycles, and in particular 10 cycles. 

According to an advantageous embodiment, the total duration of all the resting 
states of the multiplication process according to the invention varies from 1 hour to 3 
25 years, in particular 20 hours to 200 hours, and the total duration of all the division 

cycles of the multiplication process according to the invention varies from 10 hours to 3 
years, and in particular 20 hours to 200 hours. 

According to an advantageous embodiment, the multiplication process according 
to the invention is characterized in that the duration of a single resting state ranges from 
30 about 1 hour to 3 years, and is in particular about 6 hours to 72 hours, and in that the 

duration of a single division cycle ranges from about 6 hours to 3 years, and is in 
particular 6 hours to 24 hours. 

The total duration of the multiplication process according to the invention 
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comprising all the states of resting and of division ranges from 1 day to 3 years, and is 
in particular 1 day to 15 days. 

According to an advantageous embodiment, the total of all the cycles of resting 
and division of a multiplication process lasts 1 to 15 days, and the proposed applications 
5 are cell therapy. 

According to another embodiment, the total of all the cycles of resting and 
division of a multiplication process lasts 1 day to 3 years, and the proposed applications 
are of an experimental order. 

A process which lasts 3 years allows, for example, experiments of long duration 
10 to study senescence. 

According to an advantageous embodiment, the process according to the 
invention for the multiplication of stem cells, and in particular human somatic stem 
cells, enables an amplification of stem cells by a factor of between about 2 to about 
10 12 , and in particular 2 to about 10 4 , to be obtained. 
15 The multiplication process according to the invention thus allows a number of 

stem cells amplified and maintained in the non-differentiated state 2 to 10 12 times higher 
than the initial number of non-differentiated stem cells to be obtained. 

According to an advantageous embodiment, the culture medium of the 
multiplication process according to the invention contains hematopoietic stem cells and 
20 comprises one or more cytokines (added to the culture medium) chosen from the groups 

consisting of interleukins and CSF, the said cytokines being present in a concentration 
ranging from about 10' 8 jig/ml to about 1 mg/ml, and in particular about \0' 5 \ig/m\ to 
0.1 jug/ml, and where appropriate other growth factors. 

As cytokines which can be added to the culture medium there may be mentioned 
25 in particular interleukins, such as IL 1 to IL 16, CSF (colony-stimulating factors), such 

as GM-CSF (granulocyte and monocyte colony-stimulating factor), GCSF (granulocyte 
colony-stimulating factor), MCSF (monocyte colony-stimulating factor), SF (Steel 
factor), TPO (thrombopoietin) or FL (Flt-3 ligand). 

Growth factors other than interleukins and CSF can be used. 
30 The process according to the invention for the multiplication of stem cells, and in 

particular human somatic stem cells, is more particularly characterized in that it 
comprises the following stages: 

a) initiation of a first cycle of division of non-differentiated embryonic or somatic 
stem cells in a culture medium, and in particular of hematopoietic somatic stem cells, by 



seeding the said non-differentiated stem cells in the resting state in a high initial cell 
concentration, in particular in a concentration ranging from 10 3 to 10 10 cells per ml, in 
the presence of one or more cytokines, and by neutralization of the effect of the 
inhibitor of cell development, and in particular the inhibitor of cell proliferation, present 
in the culture medium so that the above-mentioned cells leave their resting state by the 
initiation of a first cell division, 

b) return to resting of the non-differentiated embryonic or somatic stem cells 
obtained in the preceding stage with the aid of an inhibitor of cell development, the said 
inhibitor being synthesized by the said stem cells or being added to the culture medium, 

c) if appropriate washing of the non-differentiated embryonic or somatic stem 
cells obtained in the preceding stage in order to remove the catabolites and the inhibitor 
of cell development, and in particular the inhibitor of cell proliferation which may be 
present in the culture medium, 

d) if appropriate dilution of the non-differentiated embryonic or somatic stem 
cells obtained in the preceding stage in order to maintain an optimum cell concentration 
ranging from about 100 to 10 10 cells per ml, 

e) successive repetition of the cycles of division and resting described above until 
the amplification factor of the cells is sufficient to obtain the number of desired stem 
cells, and in particular 2 times to about 10 12 times the number of initial non- 
differentiated embryonic or somatic stem cells, which corresponds to a total duration of 
the multiplication process of about 1 day to 3 years, and in particular 1 day to 15 days, 

f) stopping of the multiplication of non-differentiated embryonic or somatic stem 
cells to store them, use them or cause them to differentiate in vitro. 

The methods of the various stages of the process according to the invention for the 
multiplication of stem cells are those already described above. 

The amount of anti-inhibitor of cell proliferation added to the culture medium or 
the amount of inhibitor of cell development withdrawn from the culture medium 
containing the stem cells must thus be sufficient for there to be initiation of a first cell 
division. 

According to a preferred embodiment, the inhibitor of cell development is TGF-p; 
TGF-p is synthesized by hematopoietic somatic stem cells themselves in an amount 
ranging from 0.01 pg to 1 ng/ml. 

The TGF-p is then neutralized by addition to the culture medium of an anti- 
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inhibitor of cell proliferation: anti-TGF-p. Anti-TGF-p is added in an amount ranging 
from 0.1 to 100 jig/ml of antibodies or 0.1 jiM to 10 jliM of oligonucleotides. 

The return to resting of the hematopoietic somatic stem cells, in particular 
described in stage b) above, is obtained by the TGF-p synthesized by the said stem cells 
5 themselves (or other added inhibitors). 

The washing stage (c) described above allows in particular neutralization of the 
inhibitor TGF-p formed in the course of or at the end of a preceding division cycle in 
order to allow the following division. 

The dilution stage (d) described above maintaining an optimum cell concentration 
10 allows at the same time: 

- rapid return to the resting state of the stem cells due to a rapid synthesis by the 
said cells of the inhibitor of cell development, in particular TGF-p, 

- no less rapid a division of the stem cells after each resting state, in the presence 
of the anti-inhibitor of cell proliferation, in particular anti-TGF-p. 

15 TGF-P slows down the process of differentiation of stem cells throughout the 

multiplication process, that is to say in the course of and at the end of the various cycles 
of resting and division. 

The stopping stage f) described above can be effected by washing the said stem 
cells multiplied in this way, by freezing them, or by placing them in a differentiation 
20 medium. 

The differentiation medium in which the stem cells multiplied and maintained in a 
non-differentiated state in this way by the process of the present invention are placed is 
chosen according to the tissue or organ it is intended to reconstitute. 

For example, if the intention is to obtain erythroid cells, a culture medium 
25 comprising erythropoietin (EPO) will be used. 

The multiplication process according to the invention allows significant 
productions of stem cells to be obtained, the said stem cells being maintained in a non- 
differentiated state in the course of the various cycles of resting and division of the said 
process. Significant productions of immature cells are obtained in this way in a reduced 
30 volume. 

The present invention relates to the use of non-differentiated and amplified human 
stem cells such as are obtained by the process of the invention described above to 
reconstitute human blood and/or human solid tissue or organs. 
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The non-differentiated and amplified human stem cells such as are obtained by the 
process of the invention can thus be used in particular to amplify insufficient samples of 
blood from the umbilical cord, bone marrow or peripheral blood, or for transplantation 
of hematopoietic stem cells. 
5 The non-differentiated and amplified human stem cells such as are obtained by the 

process of the invention can also be used for studies on the human genome (expression 
and functioning of the genes of human development). 



Legend to the figures 

10 Figures 1A and IB show the effect of TGF-p on the maintenance of the non- 

differentiated state of CD34 + cells. 

The stain PKH26 which attaches itself to the membrane of cells allows the 
number of divisions which the cell has effected to be determined: after one doubling of 
the cell the intensity of the stain is divided by 2, after 2 doublings by 4 etc. Various 
15 populations displaced to the right are thus obtained. 

Under culture conditions without TGF-p, (20,000 cells per ml) (fig. 1 A), the cells 
divide, and after 3 days the cells which have divided more than once contain only 1.1% 
ofCD34 +hlgh cells. 

Under culture conditions according to the invention, since the concentration of 
20 TGF-p is higher (30 pg/ml TGF-p) (fig. IB), a higher percentage of CD34 +hlgh cells is 

observed. 



25 EXAMPLE: PROCESS FOR THE MULTIPLICATION OF HEMATOPOIETIC 

STEM CELLS 

Materials and methods 

The stem cells used in the example below are more particularly human 
hematopoietic somatic stem cells originating from the blood of the umbilical cord and 
30 characterized by the membrane marker CD34+. In the following, the said cells will be 

called "CD34+ cells". 
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1) Marking of CD34+ cells 

The CD34+ cells are diluted in PBS (phosphate-buffered saline) / BSA (bovine 
serum albumin) (0.2%) and incubated with anti-CD34+ antibodies conjugated with 
5 FITC (fluoroisothiocyanate) (clone 8G12; Becton Dickinson, San Jose, CA) for 30 

minutes at 4°C and then washed 2 times in PBS/BSA. The control consists of cells 
incubated with non-specific IgGl conjugated with FITC. 

To detect the stain allowing the proliferation of the cells to be monitored, the 
CD34+ are marked with the stain PKH26 (Sigma, France) in accordance with the 
10 manufacturer's instructions. 

The cells with an average intensity of PKH26 are screened in a window 
representing about 10% of the complete width. This corresponds to about 20% of the 
CD34+ cells. Four aliquots of 400 cells are used in the HPP-Q test. The remainder of 
the resting cells and the cells which proliferate are screened and cultured in semi-solid 
15 medium. Calibrated beads (Coulter-Beckman) are used to standardize the analyses 

between day 0 and day 3. 

Description of the HPP-Q test (high proliferative potential-quiescent cell) 
The HPP-Q test allows verification that the inhibitor of cell development, in 
particular TGF-(3, is maintaining the stem cells, in particular hematopoietic stem cells, 
20 at rest. 

More particularly, the HPP-Q test consists of determination of the degree of 
maturity of stem cells, in particular hematopoietic stem cells, and is characterized in that 
it comprises the following stages: 

- a first collection of stem cells, in particular hematopoietic stem cells, is 
25 cultured in a medium suitable for their culture, the said medium containing no means of 

blocking for at least one inhibitor of cell development, such as TGF-J3, for about 14 to 
about 28 days, preferably 18 days, 

- a second collection of stem cells, in particular hematopoietic stem cells, of the 
same nature and the same degree of maturity as those mentioned above is cultured in a 

30 suitable medium comprising means of blocking for at least one inhibitor of cell 

development, these means of blocking being present in the culture medium in an 
effective concentration, 

- 1 8 days after the start of culture of each of the two collections of stem cells, the 
number and the nature of the colonies and the difference in the totals of colonies of high 
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proliferative potential (HPP-CFC = progenitor forming a colony of high proliferative 
potential, HPP-MEG - megakaryocyte progenitor of high proliferative potential, HPP- 
GEMM = granulocyte erythrocyte monocyte megakaryocyte progenitor of high 
proliferative potential) respectively in that of the second collection and that of the first 
5 collection are compared. 

The evaluation of the maturity or immaturity of the stem cells corresponds to the 

following observation. 

After 18 days the number and nature of the colonies are observed under a 
microscope: the number of mixed colonies made up of cells of the red line and of one or 
10 more types of the white line is counted. The number of mixed colonies is higher if the 

cell population cultured is immature, that is to say made up of younger cells, some of 
which are at rest. On the other hand, the more immature, or even at rest, the cell which 
has produced the colony, the higher its potential for proliferation, and therefore the 
colony originating from this cell, once activated, will be larger in size. 

15 

2) Culture of CD34+ cells 

CD34+ cells were seeded at a cell concentration of 10 6 cell per ml in 24-well 
culture plates in an amount of 1 ml per well on day DO. The said cells were seeded in a 
* 20 medium without serum and comprising cytokines and an inhibitor of TGF-P (anti-TGF- 

P)- 



"Medium": 



25 SBA (medium without serum with albumin) + 

SF (Steel factor) 10 ng/ml 

TPO (thrombopoietin) 1 0 ng/ml 

FL (ligand FLt3) 50 ng/ml 

IL6 (interleukin 6) 10 ng/ml 

30 Anti-TGF-P 4 \xglm\ 



The CD34+ cells are incubated at 37°C in an atmosphere with 5% C0 2 and 
humidity saturation at 97%. 
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Every 2 days the volume of the culture is measured, the number of CD34+ cells is 
counted and the viability of the said cells is determined. 

After the number of CD34+ cells contained in the culture has been counted, the 
volume necessary to leave only 10 6 cells per well is removed. 
5 The volume, cytokines or growth factors and inhibitor of TGF-p in the medium is 

readjusted. 

Every 8 days screening is carried out to evaluate the CD34 + and CD38" cells and 
the proliferative capacity of the CD34 + cells is evaluated in the HPP-Q test. 

The results of the HPP-Q test are confirmed regularly by a test in 
10 immunodeficient mice (SCID-NOD). 

The protocol of the process according to the invention allows cells to be cultured 
in a microbioreactor which keeps the conditions of the media constant as regards 
catabolites and anabolites (excluding cytokines and inhibitors). 

Seeding of the CD34+ cells in a high cell concentration allows a bioreactor to be 
15 created at a high cell concentration, and thus allows the culture volumes to be reduced. 

Bioreactor or microbioreactor principle 

A microbioreactor comprises a culture chamber of a size suitable for the number 
of cells and their cell density (1 to 100 ml), separated from a dialysis chamber by a 
membrane, and where appropriate from a gas chamber by another membrane, to keep 
* 20 the constituents of the medium constant. 

Microdetectors allow control of various parameters in the culture chamber: pH, 
C02 ? 0 2 , glucose, lactate etc. 

Inlets and outlets allow renewal or modification of the culture media, or addition 
or withdrawal of cells. 

25 The entire microbioreactor can be automated by pumps and computerized 

programmers. 
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CLAIMS 



1. Use of an inhibitor of cell development in a controlled manner to maintain 
5 the non-differentiated state of stem cells, in particular human stem cells, while allowing 

their cell division. 



2. Use of an inhibitor according to claim 1, in which the stem cells are human 
cells chosen from the group consisting of embryonic stem cells at the origin of somatic 

10 stem cells, and/or the stem cells/somatic progenitors themselves at the origin of blood 

and/or various solid tissues, such as the skin, the liver, the pancreas, the heart, the 
kidney, bone or nerve tissue. 

3. Use of an inhibitor according to claim 1 or claim 2, in which the inhibitor of 
15 cell development is chosen from the group consisting of products of genes which 

control cell development with respect to cell differentiation and/or cell division, 
inhibitors of cycline-dependent kinases, factors which control apoptosis or ageing, and 
cytokines (such as interferons and TGF-P). 

~ 20 4. Use of an inhibitor according to any one of claims 1 to 3, in sequential 

combination with an anti-inhibitor of cell proliferation, to initiate a number of cell 
divisions ranging from 1 to about 100, in particular 1 to about 10, and in particular to 
initiate a single cell division, while maintaining the non-differentiated state of stem 
cells, in particular human stem cells. 

25 

5. Process for the multiplication of stem cells in a culture medium, in 
particular human stem cells, characterized in that it comprises: 

- a stage in which the stem cells, in particular human stem cells, in the resting 
state are brought out of their resting state by neutralization of the effect of an inhibitor 

30 of cell development, and in particular an inhibitor of cell proliferation, produced by the 

cells and/or present in the culture medium so that there is initiation of a number of cell 
divisions ranging from 1 to about 100, in particular 1 to about 10, and in particular a 
single cell division, 

- and a stage in which the stem cells, in particular human cells, obtained in the 
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preceding stage are inhibited in their differentiation with the aid of an inhibitor of cell 
development. 

6. Multiplication process according to claim 5, characterized in that at the end 
5 of the multiplication process the stem cells multiplied in this way are maintained in a 

non-differentiated state. 

7. Multiplication process according to claim 5, characterized in that the stem 
cells are human cells chosen from the group consisting of embryonic stem cells at the 

10 origin of somatic stem cells and the somatic cells themselves at the origin of blood 

and/or various solid tissues, such as the skin, the liver, the pancreas, the heart, the 
kidney, bone or nerve tissue. 

8. Multiplication process according to one of claims 5 to 7, characterized in 
1 5 that the stem cells, in particular human cells, are present in a cell concentration of about 

1 to about 10 10 cells per ml, and in particular in a concentration ranging from about 10 3 
to about 10 10 cells per ml, and more particularly about 10 4 to about 10 9 cells per ml. 

9. Multiplication process according to any one of claims 5 to 8, characterized 
20 in that the inhibitor of cell development is synthesized by the stem cells, in particular 

human stem cells, and/or is added to the culture medium containing the stem cells, in 
particular human stem cells. 

10. Multiplication process according to any one of claims 5 to 9, characterized 
25 in that the inhibitor of cell development is chosen from the group consisting of products 

of genes which control cell development with respect to cell differentiation and/or cell 
division, inhibitors of cycline-dependent kinases, factors which control apoptosis or 
ageing, and cytokines (such as interferons and TGF-(3). 

30 11. Multiplication process according to any one of claims 5 to 10, characterized 

in that the inhibitor of cell development is present in a low concentration in the culture 
medium containing the stem cells, and in particular in a concentration ranging from 
about 10" 10 mg/ml to 1 mg/ml. 
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12. Multiplication process according to any one of claims 5 to 1 1, characterized 
in that the neutralization of the effect of the inhibitor of cell development, and in 
particular the inhibitor of cell proliferation, present in the culture medium is effected by 

- addition to the culture medium, in a suitable amount, of an anti-inhibitor of cell 
5 proliferation, such as an anti-TGF-P, and/or 

- withdrawal from the culture medium of the inhibitor of cell development, and 
in particular the inhibitor of cell proliferation, belonging in particular to the cytokine 
group. 

10 13. Multiplication process according to any one of claims 5 to 12, characterized 

in that the anti-inhibitor of cell proliferation is present in a concentration ranging from 
about 1CT 18 to about 10~ 3 g/ml. 

14. Multiplication process according to any one of claims 5 to 8, in which the 
15 culture medium contains hematopoietic stem cells and comprises one or more cytokines 

(added to the culture medium) chosen from the group consisting of interleukins and 
CSF, the said cytokines being present in a concentration ranging from about 10" 8 jig/ml 
to about 1 mg/ml, and in particular about 10~ 5 jug/ml to 0.1 ^ig/ml. 

20 15. Multiplication process according to any one of claims 5 to 14, characterized 

in that it comprises the following stages: 

a) initiation of a first cycle of division of non-differentiated embryonic or somatic 
stem cells in a culture medium, and in particular of hematopoietic somatic stem cells, by 
seeding non-differentiated embryonic or somatic stem cells in the resting state in a high 

25 initial cell concentration, in particular in a concentration ranging from 10 3 to 10 10 cells 

per ml, in the presence of one or more cytokines, and by neutralization of the effect of 
the inhibitor of cell development, and in particular the inhibitor of cell proliferation, 
present in the culture medium so that the above-mentioned cells leave their resting state 
by the initiation of a first cell division, 

30 b) return to resting of the non-differentiated embryonic or somatic stem cells 

obtained in the preceding stage with the aid of an inhibitor of cell development, the said 
inhibitor being synthesized by the said stem cells or being added to the culture medium, 
c) if appropriate washing of the non-differentiated embryonic or somatic stem 
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cells obtained in the preceding stage in order to remove the catabolites and the inhibitor 
of cell development, and in particular the inhibitor of cell proliferation which may be 
present in the culture medium, 

d) if appropriate dilution of the non-differentiated embryonic or somatic stem 
5 cells obtained in the preceding stage in order to maintain an optimum cell concentration 

ranging from about 100 to 10 10 cells per ml, 

e) successive repetition of the cycles of division and resting described above until 
the amplification factor of the cells is sufficient to obtain the number of desired stem 
cells, and in particular 2 times to about 10 12 times the number of initial non- 
10 differentiated embryonic or somatic stem cells, which corresponds to a total duration of 

the multiplication process of about 1 day to 3 years, and in particular 1 day to 1 5 days, 

f) stopping of the multiplication of non-differentiated embryonic or somatic stem 
cells to store them, use them or cause them to differentiate in vitro. 



15 16. Multiplication process according to any one of claims 5 to 15, characterized 

in that the duration of a single resting state ranges from about 1 hour to 3 years, and is 
in particular about 6 hours to 72 hours, and in that the duration of a single division cycle 
ranges from about 6 hours to 3 years, and is in particular about 6 hours to 24 hours. 
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17. Use of non-differentiated and amplified human stem cells such as are 
obtained by the process of any one of claims 5 to 16 to reconstitute human blood and/or 
human solid tissue or organs. 
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BenoTt CASTEW Reg, No, 35,041, Thomas W, PERKINS, Reg. No, 33,027, Roland E. LONG, Jr., Reg. No. 41,94S, 
and Erie JENSEN, Reg. No. 37,855, 

c/o YOUNG & THOMPSON. 
Second Floor, 

745 South 23rd Street, (\C\£f>(\ 

Arlington, Vrrginia 22202. UU^tuu 

3 * J PATENT .TRADEMARK 

Address air telephone calls to Young & Thompson at 703/521-2297. Telefax: 703/655-0573. 

] hereby declare that ad statements made herein of my own knowledge are true and that aii statements made on in- 
formation and belief are believed to be true; and further that these statements were made with the knowledge that will- 
ful false statements and the like so made are punishable by fine or imprisonment, or both under Section 1(501 of Title 
18 of the United States Code and that such willful false statements may jeopardize the validity of the application or 
any patent issued thereon. 

Full name of sole or first inventor. Jacques Alexandre HATZFELD 
Inventor's signature: 



Residence: Antony , France p >c 



RL-X V Citizenship; France 



Post Office Address: 44 < rue Florian, F-92160 Antony, France 



2, - cJo Full' name of second joint inventor, if any: Antoinette HATZFELD 
p inventor's signature: 



Residence: Antony , France F 



Date: 



Of /2s~-/^z^ 



Citizenship: 



Pest Office Address: ™ e Florian, F-92160 Antony, France 
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